INTRODUCTION {#sec1-1}
============

It is estimated that one out of seven couples worldwide and 15% of the couples in developed countries are suffering from infertility.\[[@ref1][@ref2]\] *In vitro* fertilization (IVF) as the main treatments in infertile couples is a highly complex technique that involves the use of standardized protocols for a controlled ovarian stimulation, oocyte retrieval under ultrasound guidance, fertilization of gametes in the laboratory, embryo culturing, and embryo transfer.\[[@ref3]\] The first step in IVF/intracytoplasmic sperm injection (ICSI) treatment is controlled ovarian stimulation with gonadotropins during each cycle.\[[@ref4][@ref5]\]

The success rate for IVF reported range between 40.1% (in women \<35 years) and 20.6% (in women in the 41--42 years).\[[@ref6]\] Successful implantation after IVF and ICSI cycles depends on various factors and requires precise synchronization between the embryo and the uterine environment.\[[@ref7][@ref8][@ref9]\] It is estimated that failure of implantation is the cause of approximately 50%--75% of lost pregnancies.\[[@ref10]\]

Human chorionic gonadotropin (hCG) is one of the early embryonic signals in primates that is secreted by the embryo before its implantation and is the most important factor to controlled implantation.\[[@ref11][@ref12]\] HCG is a heterodimeric placental glycoprotein hormone that is required to maintain pregnancy and is initially produced by the blastocyst 6--8 days after fertilization.\[[@ref13][@ref14]\]

Correlation between implantation rate and the beta-hCG concentration in IVF cycles is assessed in some studies. One study reported a positive correlation between the beta-hCG concentration and the implantation rate; also, other studies showed a positive correlation and significant increase in the clinical pregnancy rate after intrauterine injection of hCG before the embryo transfers.\[[@ref15][@ref16][@ref17]\] Different mechanisms have been described for effect of hCG in regulation of implantation. One of these mechanisms is that hCG is a potent attractor of inflammatory cells, such as neutrophils, monocytes, and lymphocytes. One of these mechanisms is that hCG directly regulates endothelial cell responsiveness to interleukin 1 (IL-1) and amplifies the cytokine-mediated effect on cell proliferation, migration, and release of angiogenic factors. In addition, it is reported that hCG displayed a potent angiogenic effect through receptor activation of transforming growth factor beta in endothelial cells, which is a key role in placental development.

More clinical trials are suggested to evaluate the effect of intrauterine injection of hCG before the embryo transfers in IVF and ICSI cycles in infertile women, and also in most of the previous studies, hCG is used in the dose of 500 IU or lower and there is no information about the effects of injection of 700 IU of intrauterine hCG; hence, in comparison with previous studies, the present study was designed to assess the effects of higher dose of intrauterine injection of hCG before the embryo transfer in an IVF or ICSI cycles on pregnancy rate in comparison with control.

MATERIALS AND METHODS {#sec1-2}
=====================

This randomized, parallel-group, single blind study was conducted from September 2013 to April 2014, on 100 infertile women under the age of 40 years, at the Fertility and Infertility Center of Isfahan in Iran. Women of 20--40 years old with body mass index 18--30 kg/m^2^ were eligible if they were infertile due to male factor, had a regular menstrual cycle of 24--35 days, and presumed to be ovulatory. Patients with the presence of polycystic ovary syndrome, with uterine pathologies, endometriosis, or the presence of hydrosalpinges and any endocrine disease or chronic systemic illness were excluded from the study. Furthermore, the exclusion criteria were azoospermia and the history of successful IVF or ICSI. The Ethics Committee of Isfahan University of Medical Sciences approved this study (project number, 392387). The patients were counseled and informed about the study protocol and if they were willing, after given written informed consent were entered into the study.

Eligible patients were randomly divided into two fifty-member groups by Random Allocation software (Saghaei, 2004). Group A as the intervention group received injection of 700 IU of intrauterine hCG (Chorionic Gonadotropin Human, Darou Pakhsh Company, Iran) 10 min before embryo transfer. Group B as the control group did not receive HCG before embryo transfer. In intervention group to embryo transfer, the patient was put in the lithotomy position, and the cervix was visualized using Cusco\'s speculum. The cervical mucus was wiped out using a sterile piece of gauze, and then the mucous was partially removed by gentle suction with a 1-ml syringe. The HCG for intrauterine injection was prepared by adding 5 ml of tissue culture media to one vial that containing 700 IU of hCG being injected intrauterine after the catheter had passed the internal cervical ovarian stimulation. The embryos were loaded into another embryo transfer catheter and were transferred into the uterine cavity, around 5--10 min after the hCG intrauterine injection.\[[@ref9]\] Then, 5 min after the embryo transfer, the vaginal speculum was left in place and was removed. In control group, embryo transfer was done like intervention group without any injection of hCG. All embryos were embryos frozen at the blastocyst stage and the embryo transfer in both groups was done by the attending gynecologist who was blinded to the study. The number of blastocysts transferred on any occasion was not than three which was determined by availability of embryos, patient age, and patient\'s previous clinical history.

Collected data included age, duration of infertility, history of implantation failure, fertilization technique (IVF or ICSI), and the pregnancy rate. The pregnancy test was done in all patients 2 weeks after embryo transfer, and if the pregnancy test was positive, a transvaginal ultrasound was performed 3 weeks later to search for signs of pregnancy, such as the presence of a gestational sac, embryo, and fetal heart rate, which confirmed as successful pregnancy.

The sample size was calculated using the comparison of proportion formula with two-sided log-rank test, α = 0.05, and 84% power. All statistical analyses were done using SPSS software (SPSS Inc, Chicago, IL, USA) for Windows, version 20. Descriptive data are reported as mean ± standard deviation or number (percent) as appropriate. Independent sample *t*-test was used to compare women and their husbands\' age, body mass index, duration of infertility, mean of number of mature oocytes, oocytes retrieved, fertilized oocytes, and embryos transferred. And also, Chi-square test was used to compare history of implantation failure, fertilization technique, and pregnancy rate between intervention and control groups. Statistical significance was accepted at *P* \< 0.05.

RESULTS {#sec1-3}
=======

[Figure 1](#F1){ref-type="fig"} compares the flowchart of the study. Of 112 screened patients for eligibility, seven patients were not eligible and five patients refused informed consent and did not enter into the study. One-hundred patients were eligible and randomly assigned into two intervention and control groups. Six patients did not refer to sonography in follow-up period, calls not being answered, and lost to follow-up. Finally, 94 patients completed the study and analyzed (46 patients in intervention group and 48 in control group).

![Flowchart of the study](JRMS-22-6-g001){#F1}

The mean age of the studied patients was 31.3 ± 5.2 years, with mean infertility duration of 36.9 ± 22.7 months. [Table 1](#T1){ref-type="table"} shows baseline characteristics of studied patients by groups. No significant differences were noted between intervention group and control group for mean of women and husbands\' age, body mass index, duration of infertility, history of implantation failure, and fertilization technique (IVF or ICSI), and also, the number of mature oocytes, oocytes retrieved, fertilized oocytes, and embryos transferred between intervention group and control group were not statistically significant (*P* ≥ 0.5).

###### 

Baseline characteristics in studies patients by groups

![](JRMS-22-6-g002)

[Table 2](#T2){ref-type="table"} shows the pregnancy rate based on sonography after injection of 700 UI of intrauterine hCG in comparison with control group. In hCG group of 46 studied patients, pregnancy test was positive in 24 patients (pregnancy rate 52.1%), and in control group of 48 patients, pregnancy test was positive in 27 patients (pregnancy rate 56.2%). The pregnancy rate between hCG group and control group was not significantly different (*P* = 0.54).

###### 

Comparison of pregnancy rate in studies patients by groups

![](JRMS-22-6-g003)

[Table 3](#T3){ref-type="table"} shows the pregnancy rate based on sonography after injection of 700 UI of intrauterine hCG in comparison with control group in regard to infertility treatment methods. IVF fertilization was done in 24 (52.1%) of 46 patients in hCG group, in these patients, pregnancy rate was 20.8%, and in control group, IVF fertilization was done in 27 (56.2%) of 48 patients with pregnancy rate of 7.4%. There was no significant difference between studied group for pregnancy rate under IVF fertilization (*P* = 0.51). ICSI fertilization was done in 47.9% of patients in hCG group with pregnancy rate of 36.4%, and in control group, ICSI fertilization was done in 43.8% of patients with pregnancy rate of 19%. There was no significant difference between studied group for pregnancy rate under ICSI fertilization treatment method (*P* = 0.16).

###### 

Comparison of pregnancy rate base on sonography between studies groups in regard to infertility treatment methods

![](JRMS-22-6-g004)

DISCUSSION {#sec1-4}
==========

It is shown that there is a key role for hCG in regulating the inflammatory response and angiogenesis during embryo implantation, and an altered damaged endometrial receptivity by the IVF treatments can be overcome by injecting hCG before the embryo transfers.\[[@ref18][@ref19][@ref20]\] In this randomized clinical trial, we assessed the effects of intrauterine hCG injection before transferring the embryos on the outcome of the IVF or ICSI cycles and our results showed that the pregnancy rate, based on sonography, after injection of 700 UI of intrauterine hCG before embryo transfer was higher than in control group (28.6% vs. 12.5%, respectively), but the difference between groups was not significantly different. In addition, no significant association was found between pregnancy rate and infertility treatment technique. The rate of pregnancy in our study is low which can be explained by the presence of patients with history of implantation failure whereas nearly 30% of cases and controls reported history of implantation failure.

Embryonic implantation would be successful if a communication link occurred between the embryo and its near environment within the implantation site. The pharmacokinetics of hCG could be known as the underlying mechanism of effect of intrauterine injection of hCG to improvement implantation and pregnancy outcome. Previously, an increase in the endometrial cell proliferation and migration is shown in response to administration of hCG. Embryo implantation enhances by increases of IL-8 and it is shown that IL-1R2, which in turn increases the secretion of IL-8, significantly downregulates after administration of hCG, and either IL-1R1 would be increased.\[[@ref21]\] Positive correlation between the serum level of hCG with the level of trophoblast tolerance as well as the number of uterine natural killer cells is shown previously.\[[@ref13]\] And also, hCG as a trophoblast marker which is secreted by blastocyst before and after implantation is shown in some previous studies.\[[@ref22][@ref23][@ref24]\] hCG is a potent attractor of inflammatory cells, such as neutrophils, monocytes, and lymphocytes. It directly regulates endothelial cell responsiveness to IL-1 by hCG and amplifies the cytokine-mediated effect on cell proliferation, migration, and release of angiogenic factors, and angiogenic effects of hCG through receptor activation of transforming growth factor beta in endothelial cells are the possible mechanisms of hCG to improve implantation.

There are few clinical studies that previously assessed the effects of intrauterine hCG injection before transferring the embryos on the outcome of the IVF or ICSI cycles. In the first study by Mansour *et al*.,\[[@ref15]\] intrauterine injection of 100, 200, and 500 IU of hCG before embryo transfer was compared to control group. In this study, 167 patients in two groups received intrauterine injection of 100 or 200 IU of hCG before embryo transfer and pregnancy rate in these groups was assessed compared to control group. They could not found any statistically significant difference between the intervention groups and control group (pregnancy rate was 54% in the 100 hCG group, 57% in the 200 IU hCG group, and 60% in the control group). The pregnancy rate in 500 IU of hCG group (75%) has been significantly higher as compared with the control group (60%). Mansour *et al*. showed that higher dose of hCG has been better than lower dose. In the present study, higher dose of hCG in comparison with Mansour *et al*.\'s study has been assessed, but we did not find a significant difference between intrauterine injection of 700 IU of hCG in comparison with control group, which was in contrast to the findings in Mansour *et al*.\'s study.\[[@ref16]\] The pregnancy rate in hCG and control groups in our study was lower than all studied groups in Mansour *et al*.\'s study.\[[@ref16]\] The differences between results of Mansour *et al*.\'s study and our study could be explained by difference in inclusion criteria for studied patients, whereas in the present study, history of recurrent miscarriage and implantation failure was not known as inclusion or exclusion criteria and our study included patients with or without a history of recurrent miscarriage and implantation failure. On the other hand, in Mansour *et al*.\'s study, patients with or without a history of recurrent miscarriage and implantation failure have been excluded and only the first-time IVF patients have been registered.\[[@ref16]\]

In Zarei *et al*.\'s study,\[[@ref25]\] pregnancy rate in patients who received 250 µg intrauterine rhCG before embryo transfer was 32.1% which was significantly higher than 18.4% in those who received placebo. In comparison with our study, pregnancy rate after injection of intrauterine hCG before embryo transfer was 28.6% and in control group was 12.55%. Another prospective randomized study by Santibañez *et al*. was done on 210 infertile patients with a history of recurrent miscarriage and implantation failure. One-hundred and one patients received an intrauterine injection of 500 IU of hCG before the embryo transfer, and pregnancy rate in this intervention group was compared with pregnancy rate in 109 patients who did not receive hCG. The pregnancy rate in hCG group was 50.4% and was significantly higher than in control group (33%).\[[@ref16]\] In contrast to Zarei *et al*. and Santibañez *et al*. studies, our finding did not report significant difference between hCG and controls. In our study, pregnancy rate was lower than in these two studies.\[[@ref16][@ref25]\] The differences between these results and our study may be explained by differences in sample size and time of injection. In addition, use of thawed embryo transfers in Santibañez *et al*. is another possible cause of difference between findings,\[[@ref16]\] whereas the benefits of hCG injection were also shown in this group of patients, and also Santibañez *et al*. reported that pregnancy rate was not their primary outcome and the statistical analyses were not designed for this approach.

However, the pregnancy rate after injection of 700 UI of intrauterine hCG before embryo transfer in our study was not significantly different with control group but in hCG group was more than double of these rate in the control group (28.6% vs. 12.5%, respectively), and these results with findings of previous studies\[[@ref16][@ref17]\] showed that intrauterine injection of hCG before the embryo transfer as a simple procedure can be useful to improve pregnancy rates in infertile women underwent IVF or ICSI treatment. On the other hand, this method has some advantages: intrauterine injection of hCG is not expensive and is a cost-effective method in infertile women. Other advantage is that this method does not consume additional time for the embryologist and clinical staff and does not require complex training. In addition, this intervention could be replicated by all units and could be considered to be without major risk. Hence, advantages of this method beside of positive effects of hCG to enhance pregnancy rate could make it as good intervention to treatment infertile women.

CONCLUSION {#sec1-5}
==========

Our results showed that the intrauterine injection of 700 IU of hCG before embryo transfer improved pregnancy rate compared to control group but was not significantly different. The effects of intrauterine injection of hCG before embryo on pregnancy rate is studied in a few trails with different dosage and different result, so more clinical trials are needed to elucidate these results for this intervention.
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